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'LQJ // &DQGLGR (30 D +63 D VPDOO KHDW VKRFN SURWHLQ DVVRFLDWHG ZLWK GHQVH ERGLHV DQG
0OLQHV RI ERG\ ZDOO PXVFOH LQ &DHQRUKDEGLWLV HOHJDQV - %LRO &KHP  
'LQJ // &DQGLGR (30 E +63 D VPDOO KHDWVKRFN SURWHLQ ORFDOL]HG WR VSHFLILF FHOOV RI WKH
YXOYD DQG VSHUPDWKHFD LQ WKH QHPDWRGH &DHQRUKDEGLWLV HOHJDQV %LRFKHP -  
'LQJ / &DQGLGR (30 F $VVRFLDWLRQ RI VHYHUDO VPDOO KHDWVKRFN SURWHLQV ZLWK UHSURGXFWLYH
WLVVXHV LQ WKH QHPDWRGH &DHQRUKDEGLWLV HOHJDQV %LRFKHP -  
'LRQLVL +0 &KHFD 6. .UDSS $5 $UDNDNL $. &HFFDUHOOL ($ &DUULOOR 1 9LDOH $0 
&RRSHUDWLRQ RI WKH 'QD. DQG *UR( FKDSHURQH V\VWHPV LQ WKH IROGLQJ SDWKZD\ RI SODQW IHUUHGR[LQ
1$'3 UHGXFWDVH H[SUHVVHG LQ (VFKHULFKLD FROL (XU - %LRFKHP  
'XGLFK ,9 =DY
\DORY 93 3IHLO : *DHVWHO 0 =DY
\DORYD *$ 'HQHV\XN $, .RUSHOD 7  'LPHU
VWUXFWXUH DV D PLQLPXP FRRSHUDWLYH VXEXQLW RI VPDOO KHDWVKRFN SURWHLQV %LRFKLP %LRSK\V $FWD
 
(KUQVSHUJHU 0 *UlEHU 6 *DHVWHO 0 %XFKQHU -  %LQGLQJ RI QRQQDWLYH SURWHLQ WR +VS GXULQJ
KHDW VKRFN FUHDWHV D UHVHUYRLU RI IROGLQJ LQWHUPHGLDWHV IRU UHDFWLYDWLRQ (0%2 -  
(KUQVSHUJHU 0 +HUJHUVEHUJ & :LHQKXHV 8 1LFKWO $ %XFKQHU -  6WDELOL]DWLRQ RI SURWHLQV DQG
SHSWLGHV LQ GLDJQRVWLF LPPXQRORJLFDO DVVD\V E\ WKH PROHFXODU FKDSHURQH +VS $QDO %LRFKHP 

)HLO ,. 0DOIRLV 0 +HQGOH - YDQ GHU =DQGW + 6YHUJXQ ',  $ QRYHO TXDWHUQDU\ VWUXFWXUH RI WKH
GLPHULF DFU\VWDOOLQ GRPDLQ ZLWK FKDSHURQHOLNH DFWLYLW\ - %LRO &KHP  
)XFKV /& *LXOXPLDQ $' .QRHSS / 3LSNLQ : 'LFNLQVRQ 0 +D\OHV & %URSK\ &  6WUHVV FDXVHV
GHFUHDVH LQ YDVFXODU UHOD[DWLRQ OLQNHG ZLWK DOWHUHG SKRVSKRU\ODWLRQ RI KHDW VKRFN SURWHLQV $P -
3K\VLRO 5HJXO ,QWHJU &RPS 3K\VLRO  5
*ORYHU -5 /LQGTXLVW 6  +VS +VS DQG +VS D QRYHO FKDSHURQH V\VWHP WKDW UHVFXHV
SUHYLRXVO\ DJJUHJDWHG SURWHLQV &HOO  
*ROGEHUJ 06 =KDQJ - 6RQGHN 6 0DWWKHZV &5 )R[ 52 +RUZLFK $/  1DWLYHOLNH IROGLQJ RI D
SURWHLQIROGLQJ LQWHUPHGLDWH ERXQG E\ WKH FKDSHURQLQ *UR(/ 3URF 1DWO $FDG 6FL 86$  

*RORXELQRII 3 0RJN $ 3HUHV %HQ =YL $ 7RPR\DVX 7 %XNDX %  6HTXHQWLDO DQDO\VLV RI
VROXELOL]DWLRQ DQG UHIROGLQJ RI VWDEOH SURWHLQ DJJUHJDWHV E\ D ELFKDSHURQH QHWZRUN 3URF 1DWO
$FDG 6FL 86$  
*URHQHQ 3-$ 0HUFN .% GH -RQJ :: %ORHPHQGDO +  6WUXFWXUH DQG PRGLILFDWLRQV RI WKH
MXQLRU FKDSHURQH DFU\VWDOOLQ )URP OHQV WUDQVSDUDQF\ WR PROHFXODU SDWKRORJ\ (XU - %LRFKHP
 
*URVV 0 5RELQVRQ &9 0D\KHZ 0 +DUWO )8 5DGIRUG 6(  6LJQLILFDQW K\GURJHQ H[FKDQJH
SURWHFWLRQ LQ *UR(/ERXQG '+)5 LV PDLQWDLQHG GXULQJ LWHUDWLYH URXQGV RI VXEVWUDWH F\FOLQJ
3URWHLQ 6FL  
*XVWDYVVRQ 1 +lUQGDKO 8 (PDQXHOVVRQ $ 5RHSVWRUII 3 6XQGE\ &  0HWKLRQLQH VXOIR[LGDWLRQ
RI WKH FKORURSODVW VPDOO KHDW VKRFN SURWHLQ DQG FRQIRUPDWLRQDO FKDQJHV LQ WKH ROLJRPHU 3URWHLQ 6FL
 
+DOH\ '$ %RYD 03 +XDQJ 4/ 0FKDRXUDE +6 6WHZDUW 3/  6PDOO KHDWVKRFN SURWHLQ
VWUXFWXUHV UHYHDO D FRQWLQXXP IURP V\PPHWULF WR YDULDEOH DVVHPEOLHV - 0RO %LRO  
+lUQGDKO 8 +DOO 5% 2VWHU\RXQJ .: 9LHUOLQJ ( %RUQPDQ -) 6XQGE\ &  7KH FKORURSODVW
VPDOO KHDW VKRFN SURWHLQ XQGHUJRHV R[LGDWLRQGHSHQGHQW FRQIRUPDWLRQDO FKDQJHV DQG PD\ SURWHFW
SODQWV IURP R[LGDWLYH VWUHVV &HOO 6WUHVV &KDSHURQHV  
	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*(
+HDG 0: *ROGPDQ -(  6PDOO KHDW VKRFN SURWHLQV WKH F\WRVNHOHWRQ DQG LQFOXVLRQ ERG\
IRUPDWLRQ 1HXURSDWKRO $SSO 1HXURELRO  
+|KIHOG - -HQWVFK 6  *US(OLNH UHJXODWLRQ RI WKH +VF FKDSHURQH E\ WKH DQWLDSRSWRSLF SURWHLQ
%$* (0%2 -  
+RUZLW] -  D&U\VWDOOLQ FDQ IXQFWLRQ DV D PROHFXODU FKDSHURQH 3URF 1DWO $FDG 6FL 86$ 

+RVNLQV -5 3DN 0 0DXUL]L 05 :LFNQHU 6  7KH UROH RI WKH &OS$ FKDSHURQH LQ SURWHRO\VLV E\
&OS3 3URF 1DWO $FDG 6FL 86$  
-DNRE 8 /LOHL + 0H\HU , %XFKQHU -  7UDQVLHQW LQWHUDFWLRQ RI +VS ZLWK HDUO\ XQIROGLQJ
LQWHUPHGLDWHV RI FLWUDWH V\QWKDVH ,PSOLFDWLRQV IRU KHDW VKRFN LQ YLYR - %LRO &KHP  

-RQHV ' 5XVVQDN 5+ .D\ 5- &DQGLGR (30  6WUXFWXUH H[SUHVVLRQ DQG HYROXWLRQ RI D KHDW
VKRFN JHQH ORFXV LQ &DHQRUKDEGLWLV HOHJDQV WKDW LV IODQNHG E\ UHSHWLWLYH HOHPHQWV - %LRO &KHP
 
.DSSp * /HXQLVVHQ -$0 GH -RQJ :: D (YROXWLRQ DQG GLYHUVLW\ RI SURNDU\RWLF VPDOO KHDW
VKRFN SURWHLQV LQ 6PDOO 6WUHVV 3URWHLQV $UULJR $3 DQG 0OOHU :(* HG 6SULQJHU9HUODJ
+HLGHOEHUJ
.DSSp * 9HUVFKXXUH 3 3KLOLSVHQ 5/ 6WDDOGXLQHQ $$ YDQ GH %RRJDDUW 3 %RHOHQV :& GH -RQJ ::
E &KDUDFWHUL]DWLRQ RI WZR QRYHO KXPDQ KHDWVKRFN SURWHLQV SURWHLQ NLQDVHUHODWHG +VS%
DQG WHVWLVVSHFLILF +VS% %LRFKLP %LRSK\V $FWD  
.LP .. .LP 5 .LP 6+  &U\VWDO VWUXFWXUH RI D VPDOO KHDWVKRFN SURWHLQ 1DWXUH  

.OHPHQ] 5 )U|KOL ( 6WHLJHU 5+ 6FKlIHU 5 $R\DPD $  D%FU\VWDOOLQ LV D VPDOO KHDW VKRFN
SURWHLQ 3URF 1DWO $FDG 6FL 86$  
.RWHLFKH +$ 0FKDRXUDE +6  )ROGLQJ SDWWHUQ RI WKH DFU\VWDOOLQ GRPDLQ LQ D$FU\VWDOOLQ
GHWHUPLQHG E\ VLWHGLUHFWHG VSLQ ODEHOLQJ - 0RO %LRO  
.ULHI 6 )DLYUH -) 5REHUW 3 /H 'RXDULQ % %UXPHQW/DULJQRQ 1 /HIUqUH , %RX]\N 00 $QGHUVRQ
.0 *UHOOHU /' 7RELQ )/ 6RXFKHW 0 %ULO $  ,GHQWLILFDWLRQ DQG FKDUDFWHUL]DWLRQ RI FY+63
- %LRO &KHP  
.XERWD + +\QHV * :LOOLVRQ .  7KH FKDSHURQLQ FRQWDLQLQJ WFRPSOH[ SRO\SHSWLGH  7&3
PXOWLVXEXQLW PDFKLQHU\ DVVLVWLQJ LQ SURWHLQ IROGLQJ DQG DVVHPEO\ LQ WKH HXNDU\RWLF F\WRVRO (XU -
%LRFKHP  
.XPDU /9 5DPDNULVKQD 7 5DR &0  6WUXFWXUDO DQG IXQFWLRQDO FRQVHTXHQFHV RI WKH PXWDWLRQ RI
D FRQVHUYHG DUJLQLQH UHVLGXH LQ D$ DQG D% FU\VWDOOLQV - %LRO &KHP  
/DQGU\ - &KUpWLHQ 3 /DPEHUW + +LFNH\ ( :HEHU /$  +HDW VKRFN UHVLVWDQFH FRQIHUUHG E\
H[SUHVVLRQ RI KXPDQ +63 JHQH LQ URGHQW FHOOV - &HOO %LRO  
/HH *- 3RNDOD 1 9LHUOLQJ (  6WUXFWXUH DQG LQ YLWUR FKDSHURQH DFWLYLW\ RI F\WRVROLF VPDOO KHDW
VKRFN SURWHLQV IURP SHD - %LRO &KHP  
/HH *- 5RVHPDQ $0 6DLELO +5 9LHUOLQJ (  $ VPDOO KHDW VKRFN SURWHLQ VWDEO\ ELQGV KHDW
GHQDWXUHG PRGHO VXEVWUDWHV DQG FDQ PDLQWDLQ D VXEVWUDWH LQ D IROGLQJFRPSHWHQW VWDWH (0%2 - 

/HH *- 9LHUOLQJ (  $ VPDOO KHDW VKRFN SURWHLQ FRRSHUDWHV ZLWK +HDW 6KRFN 3URWHLQ  V\VWHPV
WR UHDFWLYDWH KHDWGHQDWXUHG SURWHLQ 3ODQW 3K\VLRO  
/HURX[ 05 %D %- %DWHOLHU * 0HONL 5 &DQGLGR (30  8QLTXH VWUXFWXUDO IHDWXUHV RI D QRYHO
FODVV RI VPDOO KHDW VKRFN SURWHLQV - %LRO &KHP  
/LDQJ --  ,QWHUDFWLRQ EHWZHHQ EDP\ORLG DQG OHQV D%FU\VWDOOLQ )(%6 /HWW  

*7
/LEHUHN . 0DUV]DOHN - $QJ ' *HRUJRSRXORV & =\OLF] 0  (VFKHULFKLD FROL 'QD- DQG *US(
MRLQWO\ VWLPXODWHV $73DVH DFWLYLW\ RI 'QD. 3URF 1DWO $FDG 6FL 86$  
/LQGHU % -LQ = )UHHGPDQ -+ 5XELQ &6  0ROHFXODU FKDUDFWHUL]DWLRQ RI D QRYHO
GHYHORSPHQWDOO\ UHJXODWHG VPDOO HPEU\RQLF FKDSHURQH IURP &DHQRUKDEGLWLV HOHJDQV - %LRO &KHP
 
/LQGQHU 5$ .DSXU $ &DUYHU -$  7KH LQWHUDFWLRQ RI WKH PROHFXODU FKDSHURQH DFU\VWDOOLQ ZLWK
PROWHQ JOREXOH VWDWHV RI ERYLQH DODFWDOEXPLQ - %LRO &KHP  
/RZ ' %UDQGOH . 1RYHU / )RUUHLWHU &  &\WRVROLF KHDWVWUHVV SURWHLQV +VS FODVV , DQG
+VS FODVV ,, RI WRPDWR DFW DV PROHFXODU FKDSHURQHV LQ YLYR 3ODQWD  
0DF5DH 7+  6WUXFWXUH DQG IXQFWLRQ RI VPDOO KHDW VKRFNDFU\VWDOOLQ SURWHLQV HVWDEOLVKHG
FRQFHSWV DQG HPHUJLQJ LGHDV &HOO 0RO /LIH 6FL  
0HKOHQ 3 $UULJR $3  7KH VHUXPLQGXFHG SKRVSKRU\ODWLRQ RI PDPPDOLDQ KVS FRUUHODWHV ZLWK
FKDQJHV LQ LWV LQWUDFHOOXODU ORFDOL]DWLRQ DQG OHYHOV RI ROLJRPHUL]DWLRQ (XU - %LRFKHP  

0LHUQ\N -$  3URWHLQ IROGLQJ LQ WKH SODQW FHOO 3ODQW 3K\VLRO  
0RJN $ 7RPR\DVX 7 *RORXELQRII 3 5GLJHU 6 5|GHU 6 /DQJHQ + %XNDX %  ,GHQWLILFDWLRQ
RI WKHUPRODELOH (VFKHULFKLD FROL SURWHLQV SUHYHQWLRQ DQG UHYHUVLRQ RI DJJUHJDWLRQ E\ 'QD. DQG
&OS% (0%2 -  
0XFKRZVNL 3- &ODUN -,  $73HQKDQFHG PROHFXODU FKDSHURQH IXQFWLRQV RI WKH VPDOO KHDW VKRFN
SURWHLQ KXPDQ D% FU\VWDOOLQ 3URF 1DWO $FDG 6FL 86$  
0QFKEDFK 0 1RFNHU $ 1DUEHUKDXV )  0XOWLSOH VPDOO KHDW VKRFN SURWHLQV LQ 5KL]RELD -
%DFWHULRO  
1HXZDOG $) $UDYLQG / 6SRXJH -/ .RRQLQ (9  $$$ D FODVV RI FKDSHURQHOLNH $73DVHV
DVVRFLDWHG ZLWK WKH DVVHPEO\ RSHUDWLRQ DQG GLVDVVHPEO\ RI SURWHLQ FRPSOH[HV *HQRPH 5HV  

1LFKROO ,' 4XLQODQ 5$  &KDSHURQH DFWLYLW\ RI DFU\VWDOOLQV PRGXODWHV LQWHUPHGLDWH ILODPHQW
DVVHPEO\ (0%2 -  
1RYHU / 6FKDUI .' 1HXPDQQ '  &\WRSODVPLF KHDW VKRFN JUDQXOHV DUH IRUPHG IURP SUHFXUVRU
SDUWLFOHV DQG DUH DVVRFLDWHG ZLWK D VSHFLILF VHW RI P51$V 0RO &HOO %LRO  
3HUQJ 0' &DLUQV / YDQ GHQ ,-VVHO 35 3UHVFRWW $ +XWFKHVRQ $0 4XLQODQ 5$ D ,QWHUPHGLDWH
ILODPHQW LQWHUDFWLRQV FDQ EH DOWHUHG E\ +63 DQG D%FU\VWDOOLQ - &HOO 6FL  
3HUQJ 0' 0XFKRZVNL 3- YDQ GHQ ,-VVHO 35 :X *- +XWFKHVRQ $0 &ODUN -, 4XLQODQ 5$ E
7KH FDUGLRP\RSDWK\ DQG OHQV FDWDUDFW PXWDWLRQ LQ D%FU\VWDOOLQ DOWHUV LWV SURWHLQ VWUXFWXUH
FKDSHURQH DFWLYLW\ DQG LQWHUDFWLRQ ZLWK LQWHUPHGLDWH ILODPHQWV LQ YLWUR - %LRO &KHP  

3UDWW :% 7RIW '2  6WHURLG UHFHSWRU LQWHUDFWLRQV ZLWK KHDW VKRFN SURWHLQ DQG LPPXQRSKLOLQ
FKDSHURQHV (QGRFU 5HY  
3URGURPRX & 5RH 60 2
%ULHQ 5 /DGEXU\ -( 3LSHU 3: 3HDUO /+  ,GHQWLILFDWLRQ DQG
VWUXFWXUDO FKDUDFWHUL]DWLRQ RI WKH $73$'3ELQGLQJ VLWH LQ WKH +VS PROHFXODU FKDSHURQH &HOO 

5LWRVVD )0  $ QHZ SXIILQJ SDWWHUQ LQGXFHG E\ KHDW VKRFN DQG '13 LQ 'URVRSKLOD ([SHULHQWLD
 
5GLJHU 6 %XFKEHUJHU $ %XNDX %  ,QWHUDFWLRQ RI +VS FKDSHURQHV ZLWK VXEVWUDWHV 1DWXUH
6WUXFW %LRO  
	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*6
5XVVQDN 5+ -RQHV ' &DQGLGR (30  &ORQLQJ DQG DQDO\VLV RI F'1$ VHTXHQFHV FRGLQJ IRU WZR
 NLORGDOWRQ KHDW VKRFN SURWHLQV KVSV LQ &DHQRUKDEGLWLV HOHJDQV KRPRORJ\ ZLWK WKH VPDOO KVSV
RI 'URVRSKLOD 1XFOHLF $FLGV 5HV  
6FKHLEHO 7 :HLNO 7 %XFKQHU -  7ZR FKDSHURQH VLWHV LQ +VS GLIIHUHQLQJ LQ VXEVWUDWH
VSHFLILFLW\ DQG $73 GHSHQGHQFH 3URF 1DWO $FDG 6FL 86$  
6FKLUPHU (& *ORYHU -5 6LQJHU 0$ /LQGTXLVW 6  +VS&OS SURWHLQV D FRPPRQ PHFKDQLVP
H[SODLQV GLYHUVH IXQFWLRQV 7UHQGV %LRFKHP 6FL  
6PLWK && <X <; .XOND 0 $XUHOLDQ /  $ QRYHO KXPDQ JHQH VLPLODU WR SURWHLQ NLQDVH 3.
FRGLQJ GRPDLQ RI WKH ODUJH VXEXQLW RI KHUSHV VLPSOH[ YLUXV W\SH  ULERQXFOHRWLGH UHGXFWDVH ,&3
FRGHV IRU D VHULQHWKUHRQLQH 3. DQG LV H[SUHVVHG LQ PHODQRPD FHOOV - %LRO &KHP  

6ULQLYDVDQ $1 1DJLQHQL &1 %KDW 63  D$FU\VWDOOLQ LV H[SUHVVHG LQ QRQRFXODU WLVVXHV - %LRO
&KHP  
6WHEELQV &( 5XVVR $$ 6FKQHLGHU & 5RVHQ 1 +DUWO )8 3DYOHWLFK 13  &U\VWDO VWUXFWXUH RI DQ
+VSJHOGDQDP\FLQ FRPSOH[ WDUJHWLQJ RI D SURWHLQ FKDSHURQH E\ DQ DQWLWXPRU DJHQW &HOO 

6WHJH *- 5HQNDZHN . 2YHUNDPS 36 9HUVFKXXUH 3 YDQ 5LMN $) 5HLMQHQ$DOEHUV $ %RHOHQV :&
%RVPDQ *- GH -RQJ ::  7KH PROHFXODU FKDSHURQH D%FU\VWDOOLQ HQKDQFHV DP\ORLG E
QHXURWR[LFLW\ %LRFKHP %LRSK\V 5HV &RPPXQ  
6WUXE $ /LP -+ 3IDQQHU 1 9RRV :  7KH PLWRFKRQGULDO SURWHLQ LPSRUW PRWRU %LRO &KHP 

6XJL\DPD < 6X]XNL $ .LVKLNDZD 0 $NXWVX 5 +LURVH 7 :D\H 00< 7VXL 6.: <RVKLGD 6 2KQR
6  0XVFOH GHYHORSV D VSHFLILF IRUP RI VPDOO KHDW VKRFN SURWHLQ FRPSOH[ FRPSRVHG RI
0.%3+VS% DQG +VS% GXULQJ P\RJHQLF GLIIHUHQWLDWLRQ - %LRO &KHP  
6X]XNL $ 6XJL\DPD < +D\DVKL < 1\XL 1 <RVKLGD 0 1RQDND , ,VKLXUD 6 $UDKDWD . 2KQR 6
D 0.%3 D QRYHO PHPEHU RI WKH VPDOO KHDW VKRFN SURWHLQ IDPLO\ ELQGV DQG DFWLYDWHV WKH
P\RWRQLF G\VWURSK\ SURWHLQ NLQDVH - &HOO %LRO  
6X]XNL 7& .UDZLW] '& 9LHUOLQJ ( E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
.DQWRURZ 0 +RUZLW] - YDQ %RHNHO 0$0 GH -RQJ :: 3LDWLJRUVN\ -  &RQYHUVLRQ IURP
ROLJRPHUV WR WHWUDPHUV HQKDQFHV DXWRSKRVSKRU\ODWLRQ E\ OHQV D$FU\VWDOOLQ 6SHFLILFLW\ EHWZHHQ
D$ DQG D%FU\VWDOOLQ VXEXQLWV - %LRO &KHP  
.LP .. <RNRWD + 6DQWRVR 6 /HUQHU ' .LP 5 .LP 6+  3XULILFDWLRQ FU\VWDOOL]DWLRQ DQG
SUHOLPLQDU\ ;UD\ FU\VWDOORJUDSKLF GDWD DQDO\VLV RI VPDOO KHDW VKRFN SURWHLQ KRPRORJ IURP
0HWKDQRFRFFXV MDQQDVFKLL D K\SHUWKHUPRSKLOH - 6WUXFW %LRO  
/DHPPOL 8.  &OHDYDJH RI VWUXFWXUDO SURWHLQV GXULQJ WKH DVVHPEO\ RI WKH KHDG RI WKH
EDFWHULRSKDJH 7 1DWXUH  
/DQGU\ - &KUpWLHQ 3 /DPEHUW + +LFNH\ ( :HEHU /$  +HDW VKRFN UHVLVWDQFH FRQIHUUHG E\
H[SUHVVLRQ RI KXPDQ +63 JHQH LQ URGHQW FHOOV - &HOO %LRO  
/HH *- 5RVHPDQ $0 6DLELO +5 9LHUOLQJ (  $ VPDOO KHDW VKRFN SURWHLQ VWDEO\ ELQGV KHDW
GHQDWXUHG PRGHO VXEVWUDWHV DQG FDQ PDLQWDLQ D VXEVWUDWH LQ D IROGLQJFRPSHWHQW VWDWH (0%2 - 

/HURX[ 05 0HONL 5 *RUGRQ % %DWHOLHU * &DQGLGR (30 D 6WUXFWXUHIXQFWLRQ VWXGLHV RQ VPDOO
KHDW VKRFN SURWHLQ ROLJRPHULF DVVHPEO\ DQG LQWHUDFWLRQ ZLWK XQIROGHG SRO\SHSWLGHV - %LRO &KHP
 
/HURX[ 05 0D %- %DWHOLHU * 0HONL 5 &DQGLGR (30 E 8QLTXH VWUXFWXUDO IHDWXUHV RI D QRYHO
FODVV RI VPDOO KHDW VKRFN SURWHLQV - %LRO &KHP  
0HKOHQ 3 +LFNH\ ( :HEHU /$ $UULJR $3  /DUJH XQSKRVSKRU\ODWHG DJJUHJDWHV DV WKH DFWLYH
IRUP RI KVS ZKLFK FRQWUROV LQWUDFHOOXODU UHDFWLYH R[\JHQ VSHFLHV DQG JOXWDWKLRQH OHYHOV DQG
JHQHUDWHV D SURWHFWLRQ DJDLQVW 71)D LQ 1,+7UDV FHOOV %LRFKHP %LRSK\V 5HV &RPPXQ 

-
7)
0HUFN .% GH +DDUG +RHNPDQ :$ 2XGH (VVLQN %% %ORHPHQGDO + GH -RQJ ::  ([SUHVVLRQ
DQG DJJUHJDWLRQ RI UHFRPELQDQW D$FU\VWDOOLQ DQG LWV WZR GRPDLQV %LRFKLP %LRSK\V $FWD 

3UpYLOOH ; 6FKXOW] + .QDXI 8 *DHVWHO 0 $UULJR $3  $QDO\VLV RI WKH UROH RI +VS
SKRVSKRU\ODWLRQ UHYHDOV WKH LPSRUWDQFH RI WKH ROLJRPHUL]DWLRQ VWDWH RI WKLV VPDOO KHDW VKRFN SURWHLQ
LQ LWV SURWHFWLYH IXQFWLRQ DJDLQVW 71)D DQG K\GURJHQ SHUR[LGHLQGXFHG FHOO GHDWK - &HOO
%LRFKHP  
6KDUPD .. .DXU + .HVWHU .  )XQFWLRQDO HOHPHQWV LQ PROHFXODU FKDSHURQH DFU\VWDOOLQ
LGHQWLILFDWLRQ RI ELQGLQJ VLWHV LQ D%FU\VWDOOLQ %LRFKHP %LRSK\V 5HV &RPPXQ  
6LH]HQ 5- %LQGHOV -* +RHQGHUV +-  7KH TXDWHUQDU\ VWUXFWXUH RI ERYLQH DFU\VWDOOLQ &KHPLFDO
FURVVOLQNLQJ ZLWK ELIXQFWLRQDO LPLGR HVWHUV (XU - %LRFKHP  
6PXOGHUV 5+3+ YDQ %RHNHO 0$0 GH -RQJ ::  0XWDWLRQV DQG PRGLILFDWLRQV VXSSRUW D
¨SLWWHGIOH[LEDOO© PRGHO IRU DFU\VWDOOLQ ,QW - %LRO 0DFURPRO  
9HLQJHU / 'LDPDQW 6 %XFKQHU - *RORXELQRII 3  7KH VPDOO KHDWVKRFN SURWHLQ ,ES% IURP
(VFKHULFKLD FROL VWDELOL]HV VWUHVVGHQDWXUHG SURWHLQV IRU VXEVHTXHQW UHIROGLQJ E\ D PXOWLFKDSHURQH
QHWZRUN - %LRO &KHP  
:DWHUVWRQ 5 0DUWLQ & &UD[WRQ 0 +X\QK & &RXOVRQ $ +LOOLHU / 'XUELQ 5 *UHHQ 3 6KRZQNHHQ 5
+DOORUDQ 1 0HW]VWHLQ 0 +DZNLQV 7 :LOVRQ 5 %HUNV 0 'X = 7KRPDV . 7KLHUU\0LHJ -
6XOVWRQ -  $ VXUYH\ RI H[SUHVVHG JHQHV LQ &DHQRUKDEGLWLV HOHJDQV 1DWXUH *HQHWLFV  

:LOVRQ 5 $LQVFRXJK 5 $QGHUVRQ . HW DO   0E RI FRQWLJXRXV QXFOHRWLGH VHTXHQFH IURP
FKURPRVRPH ,,, RI & HOHJDQV 1DWXUH  
:LVWRZ *  'RPDLQ VWUXFWXUH DQG HYROXWLRQ LQ DFU\VWDOOLQV DQG VPDOO KHDW VKRFN SURWHLQV )(%6
/HWW  
:LVWRZ *  3RVVLEOH WHWUDPHUEDVHG TXDWHUQDU\ VWUXFWXUH IRU DFU\VWDOOLQV DQG VPDOO KHDW VKRFN
SURWHLQV ([S (\H 5HV  
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'DV .3 6XUHZLF] :.  7HPSHUDWXUHLQGXFHG H[SRVXUH RI K\GURSKRELF VXUIDFHV DQG LWV HIIHFW RQ
WKH FKDSHURQH DFWLYLW\ RI DFU\VWDOOLQ )(%6 /HWW  
GH -RQJ :: =ZHHUV $ 9HUVWHHJ 0 1X\7HUZLQGW (&  3ULPDU\ VWUXFWXUHV RI WKH DFU\VWDOOLQ
$ FKDLQV RI WZHQW\HLJKW PDPPDOLDQ VSHFLHV FKLFNHQ DQG IURJ (XU - %LRFKHP  
GH -RQJ :: &DVSHUV *- /HXQLVVHQ -$  *HQHDORJ\ RI WKH DFU\VWDOOLQVPDOO KHDWVKRFN SURWHLQ
VXSHUIDPLO\ ,QW - %LRO 0DFURPRO  
'HUKDP %. YDQ %RHNHO 0$0 0XFKRZVNL 3- &ODUN -, +RUZLW] - +HSEXUQH6FRWW +: &UDEEH -&
+DUGLQJ --  &KDSHURQH IXQFWLRQ RI PXWDQW YHUVLRQV RI D$ DQG D%FU\VWDOOLQ SUHSDUHG WR
SLQSRLQW FKDSHURQH ELQGLQJ VLWHV (XU - %LRFKHP  
'LQJ / &DQGLGR (30  +63 D VPDOO KHDW VKRFN SURWHLQ DVVRFLDWHG ZLWK GHQVH ERGLHV DQG 0
OLQHV RI ERG\ ZDOO PXVFOH LQ &DHQRUKDEGLWLV HOHJDQV - %LRO &KHP  
(KUQVSHUJHU 0 *UlEHU 6 *DHVWHO 0 %XFKQHU -  %LQGLQJ RI QRQQDWLYH SURWHLQ WR +VS GXULQJ
KHDW VKRFN FUHDWHV D UHVHUYRLU RI IROGLQJ LQWHUPHGLDWHV IRU UHDFWLYDWLRQ (0%2 -  
(KUQVSHUJHU 0 +HUJHUVEHUJ & :LHQKXHV 8 1LFKWO $ %XFKQHU -  6WDELOL]DWLRQ RI SURWHLQV DQG
SHSWLGHV LQ GLDJQRVWLF LPPXQRORJLFDO DVVD\V E\ WKH PROHFXODU FKDSHURQH +VS $QDO %LRFKHP
 
)DUDKEDNKVK =7 +XDQJ 4/ 'LQJ // $OWHQEDFK & 6WHLQKRII +- +RUZLW] - DQG +XEEHOO :/ 
,QWHUDFWLRQ RI DFU\VWDOOLQ ZLWK VSLQODEHOHG SHSWLGHV %LRFKHPLVWU\  
)HUQDQGR 3 +HLNNLOD --  )XQFWLRQDO FKDUDFWHUL]DWLRQ RI ;HQRSXV VPDOO KHDW VKRFN SURWHLQ
+VS& WKH FDUER[\O HQG LV UHTXLUHG IRU VWDELOLW\ DQG FKDSHURQH DFWLYLW\ &HOO 6WUHVV DQG
&KDSHURQHV  
+DOH\ '$ %RYD 03 +XDQJ 4/ 0FKDRXUDE +6 6WHZDUW 3/  6PDOO KHDWVKRFN SURWHLQ
VWUXFWXUHV UHYHDO D FRQWLQXXP IURP V\PPHWULF WR YDULDEOH DVVHPEOLHV - 0RO %LRO  
+DVOEHFN 0 :DONH 6 6WURPHU 7 (KUQVSHUJHU 0 :KLWH +( &KHQ 6 6DLELO +5 %XFKQHU - 
+VS D WHPSHUDWXUHUHJXODWHG FKDSHURQH (0%2 -  
+RUZLW] -  D&U\VWDOOLQ FDQ IXQFWLRQ DV D PROHFXODU FKDSHURQH 3URF 1DWO $FDG 6FL 86$ 

+RUZLW] - %RYD 0 +XDQJ 4/ 'LQJ / <DURQ 2 /RZPDQ 6  0XWDWLRQ RI D%FU\VWDOOLQ HIIHFWV
RQ FKDSHURQHOLNH DFWLYLW\ ,QW - %LRO 0DFURPRO  
.LP .. .LP 5 .LP 6+  &U\VWDO VWUXFWXUH RI D VPDOO KHDWVKRFN SURWHLQ 1DWXUH  

.RNNH %3$ /HURX[ 05 &DQGLGR (30 %RHOHQV :& GH -RQJ ::  &DHQRUKDEGLWLV HOHJDQV
VPDOO KHDWVKRFN SURWHLQV +VS DQG +VS IRUP WHWUDPHUV DQG KDYH QR FKDSHURQHOLNH DELOLW\
)(%6 /HWW  
.RWHLFKH +$ 0FKDRXUDE +6  )ROGLQJ SDWWHUQ RI WKH DFU\VWDOOLQ GRPDLQ LQ D$FU\VWDOOLQ
GHWHUPLQHG E\ VLWHGLUHFWHG VSLQ ODEHOLQJ - 0RO %LRO  
.XPDU /96 5DR &K0  'RPDLQ VZDSSLQJ LQ KXPDQ D$ DQG D% FU\VWDOOLQV DIIHFWV
ROLJRPHUL]DWLRQ DQG HQKDQFHV FKDSHURQHOLNH DFWLYLW\ - %LRO &KHP  
/HH *- 5RVHPDQ $0 6DLELO +5 9LHUOLQJ (  $ VPDOO KHDW VKRFN SURWHLQ VWDEO\ ELQGV KHDW
GHQDWXUHG PRGHO VXEVWUDWHV DQG FDQ PDLQWDLQ D VXEVWUDWH LQ D IROGLQJFRPSHWHQW VWDWH (0%2 - 

/HURX[ 05 0HONL 5 *RUGRQ % %DWHOLHU * &DQGLGR (30 D 6WUXFWXUHIXQFWLRQ VWXGLHV RQ VPDOO
KHDW VKRFN SURWHLQ ROLJRPHULF DVVHPEO\ DQG LQWHUDFWLRQ ZLWK XQIROGHG SRO\SHSWLGHV - %LRO &KHP
 
.

/HURX[ 05 0D %- %DWHOLHU * 0HONL 5 &DQGLGR (30 E 8QLTXH VWUXFWXUDO IHDWXUHV RI D QRYHO
FODVV RI VPDOO KHDW VKRFN SURWHLQV - %LRO &KHP  
/LQGQHU 5$ &DUYHU -$ (KUQVSHUJHU 0 %XFKQHU - (VSRVLWR * %HKONH - /XWVFK * .RWO\DURY $
*DHVWHO 0  0RXVH +VS D VPDOO KHDW VKRFN SURWHLQ (XU - %LRFKHP  
5DMDUDPDQ . 5DPDQ % 5DR &K0  0ROWHQJOREXOH VWDWH RI FDUERQLF DQK\GUDVH ELQGV WR WKH
FKDSHURQHOLNH DFU\VWDOOLQ - %LRO &KHP  
5DPDQ % 5DR &K0  &KDSHURQHOLNH DFWLYLW\ DQG TXDWHUQDU\ VWUXFWXUH RI DFU\VWDOOLQ - %LRO
&KHP  
6KDUPD .. .DXU + .HVWHU .  )XQFWLRQDO HOHPHQWV LQ PROHFXODU FKDSHURQH DFU\VWDOOLQ
LGHQWLILFDWLRQ RI ELQGLQJ VLWHV LQ D%FU\VWDOOLQ %LRFKHP %LRSK\V 5HV &RPP  
6KDUPD .. .XPDU 56 .XPDU *6 4XLQQ 37  6\QWKHVLV DQG FKDUDFWHUL]DWLRQ RI D SHSWLGH
LGHQWLILHG DV D IXQFWLRQDO XQLW LQ D$FU\VWDOOLQ - %LRO &KHP  
6PLWK -% /LX < 6PLWK '/  ,GHQWLILFDWLRQ RI SRVVLEOH UHJLRQV RI FKDSHURQH DFWLYLW\ LQ OHQV D
FU\VWDOOLQ ([S (\H 5HV  
6PXOGHUV 5+3+ &DUYHU -$ /LQGQHU 5$ 9DQ %RHNHO 0$0 %ORHPHQGDO + GH -RQJ :: 
,PPRELOL]DWLRQ RI WKH &WHUPLQDO H[WHQVLRQ RI ERYLQH D$FU\VWDOOLQ UHGXFHV FKDSHURQHOLNH DFWLYLW\
- %LRO &KHP  
6XQ 7; /LDQJ --1  ,QWHUPROHFXODU H[FKDQJH DQG VWDELOL]DWLRQ RI UHFRPELQDQW KXPDQ D$ DQG
D%FU\VWDOOLQ - %LRO &KHP  
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$EEUHYLDWLRQV ELV$16 ELVDQLOLQR QDSKWKDOHQH
GLVXOIRQLF DFLG &' FLUFXODU GLFKURLVP
&%% &RRPDVVLH %ULOOLDQW %OXH &6 FLWUDWH V\QWKDVH '77 'LWKLR'/WKUHLWRO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FRHIILFLHQW .  FRQFHQWUDWLRQ RI SURWHLQ LQ XSSHU SKDVH GLYLGHG E\ FRQFHQWUDWLRQ RI SURWHLQ LQ
ORZHU SKDVH 7KH PHDQV DQG VWDQGDUG GHYLDWLRQV IURP WKUHH LQGHSHQGHQW H[SHULPHQWV DUH
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VHFRQGDU\ VWUXFWXUH ZDV DQDO\]HG E\ FLUFXODU GLFURLVP IRU 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 XQR[LGL]HG FRQWURO +VS
VROLG OLQH DQG +VS R[LGL]HG ZLWK LQFUHDVLQJ FRQFHQWUDWLRQV RI +2   DQG  P0 +2
EURNHQ OLQH VKRUWHU EURNHQ OLQH DQG GRWWHG UHVSHFWLYHO\ ,Q R[LGL]HG +VS PXFK VHFRQGDU\
VWUXFWXUH UHPDLQV EXW WKH VLJQDO DW  QP ZKLFK LV LQGLFDWLYH RI DKHOLFDO VWUXFWXUH GHFUHDVHV
ZLWK LQFUHDVLQJ FRQFHQWUDWLRQV RI +2 % 6HFRQGDU\ VWUXFWXUH RI WKH +VS PXWDQW SURWHLQ
LQ ZKLFK WKH VL[ PHWKLRQLQHV 0HW 0HW 0HW 0HW 0HW DQG 0HW KDYH
EHHQ UHSODFHG ZLWK OHXFLQHV XQR[LGL]HG FRQWURO VROLG OLQH DQG R[LGL]HG ZLWK  P0 +2
EURNHQ OLQH

 

(!-
!5
	

C-
1>	6	+)=# 	::
	 ;#
 	 	 	  R5	 	:    "5
	 	 ;%  	, +--A<<   "' 	 	 ***  	:
	  	  >	 	 	   5	
	:,$			***"'5	
>	>			
		#
*+
>;=57-=56*=566=56-=5C*	=5C.<
 
	  : 5 	, 1    , 72 
	   #
*+    	   ***  "'5	 

>	6=#:			 ,71
    >	   
 	

	 5> 
#
*+,
)!5!





5

 	

  :
 	 0A5
	 	 
   
	:5>		
>	,1

:  :
  	 C)F  #
*+   	 	
:	:			
	
!'!513 ; , 61<     #
*+  	 
		:	13; ,62<,$		5
	 	 	 15(* 156( 	 15.* 	  : 5	
?:
#
*+	 ,6;	+-'	+6'		
+('	<,
)LJ  /LPLWHG SURWHRO\VLV RI +VS HYDOXDWHG E\ 6'63$*( DQG QDWLYH 3$*( +VS ZDV
SDUWLDOO\ GLJHVWHG ZLWK WU\SVLQ  WU\SVLQ+VS UDWLR ZZ DQG DQDO\]HG E\ $ 6'6
3$*(  DFU\ODPLGHELV DQG % E\ QDWLYH 3$*(  JUDGLHQW RI DFU\ODPLGHELV
SURWHLQV ZHUH GHWHFWHG E\ VLOYHU VWDLQLQJ 1RWH WKDW +VS ZKLFK KDV D PDVV FORVH WR 
N'D UXQV DW DSSUR[LPDWHO\  N'D LQ WKH 6'63$*( JHO V\VWHP
/
.)
=	
:0A
	

5>9#
*+; ,C


	< 	 >9 #
*+ ; , C  
	< 	  

 	:
	5		#
*+,$	:
:		5			
CC7	A+		
	
-*	-75	5:		,
)LJ  /LPLWHG SURWHRO\VLV RI +VS HYDOXDWHG E\ 0$/',72)PDVV VSHFWURPHWU\ +VS
ZDV SDUWLDOO\ GLJHVWHG ZLWK 9 SURWHDVH  9 SURWHDVH+VS UDWLR ZZ DQG
VXEVHTXHQWO\ DQDO\]HG E\ 0$/',72)06 3URWHDVH WUHDWPHQW ZDV DSSOLHG WR QRQR[LGL]HG
+VS XSSHU SDQHO DQG WR +VS LQ ZKLFK PHWKLRQLQH VXOIR[LGDWLRQ KDG EHHQ LQGXFHG E\
R[LGDWLRQ ZLWK  RU  P0 +2 ORZHU SDQHOV 7KH 0$/', PDVV VSHFWUD VKRZV WKH SHSWLGH
PDVV LQ 'D RQ WKH ;D[LV VLQFH WKH P] YDOXHV UHSUHVHQW WKH >0+@

LRQV 3HDNV
UHSUHVHQWLQJ LGHQWLILHG SHSWLGH IUDJPHQWV DUH GHVLJQDWHG E\ WKHLU DPLQRDFLG QXPEHUV LH 
LV WKH SHSWLGH IUDJPHQW VWDUWLQJ DW WKH 1WHUPLQDO PHWKLRQLQH 0HW DQG HQGLQJ ZLWK *OX
>9#
*+			35C7			
	#
*+
 ,C			:
	


+5A+
	.5A+	:		
	



+5C7	.5C7  	  	35C7 	:
>	5			,
1	9	 ,.
:#
*+
:
	0A5
		:		  5		
	  
 5 5>,   	 C)F 
:
	#
*+		; ,6<	 :
	55>	9		,$
5 5>  
	: >
    	   #
*+
,

 

(!-
!5
	

.+

 DPSKLSDWLF DKHOL[ 
$W+VS 04'45 (16,'9944* 44.*14*6 69(.5344 5/70'96 3) *//'3/6305 70540/'70' 50)('70396
/\+VS   4**114*7 $9(5537 50$/'96 3) *9/'306305 70540,'70' 5/)('707)3
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&U\VW% ,3$'9'3/ $,766/66'* 9/791*35.4 $6*3(5 7,3,75((.3 $97$$3.. 
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)LJ  $OLJQPHQW RI $UDELGRSVLV WKDOLDQD +VS ZLWK RWKHU V+VSV &OHDYDJH SRLQWV VKRZLQJ
OLPLWHG SURWHRO\VLV RI $UDELGRSVLV WKDOLDQD +VS ZLWK WU\SVLQ DQG 9 SURWHDVH DUH PDUNHG
ZLWK RSHQ DQG FORVHG DUURZV UHVSHFWLYHO\ $UURZ ZLWK DVWHULVN VKRZV FOHDYDJH SRLQW ZLWK
LQFUHDVHG DFFHVVLELOLW\ DIWHU R[LGDWLRQ
7KH VHTXHQFH IRU WKH FKORURSODVWORFDOL]HG +VS IURP $ WKDOLDQD WRS LV DOLJQHG ZLWK
+VS IURP RWKHU SODQW VSHFLHV /\FRSHUVLFXP HVFXOHQWXP 3HWXQLD K\EULGD 3LVXP VDWLYXP
ERYLQH D%FU\VWDOOLQ )RU $W+VS DQG 3V+VS WKH 1WHUPLQXV RI WKH PDWXUH IRUP 4 LH
SUHVHTXHQFH FOHDYDJH EHWZHHQ $ DQG 4 UHPRYLQJ  DPLQR DFLGV KDV EHHQ H[SHULPHQWDOO\
YHULILHG +lUQGDKO HW DO  )RU DOLJQPHQW D FRUUHVSRQGLQJ SUHVHTXHQFH FOHDYDJH EHWZHHQ
$ DQG 4 LQ /\+VS DQG 3K+VSZDV DVVXPHG LH  DQG  DPLQR DFLGV KDV EHHQ
UHPRYHG 6HTXHQFH QXPEHULQJ UHIHUV WR WKH VHTXHQFH RI +VS IURP $UDELGRSVLV WKDOLDQD 
QRWH WKDW WKH DPLQRWHUPLQDO PHWKLRQLQH LV QRW DQ LQWULQVLF UHVLGXH EXW DGGHG GXH WR WKH
FRQVWUXFWLRQ RI WKH UHFRPELQDQW SURWHLQ LQ ZKLFK WKH DPLQRWHUPLQDO WUDQVLW SHSWLGH ZDV
UHSODFHG ZLWK D VWDUW PHWKLRQLQH 6X]XNL HW DO 
7KH OHQJWK RI WKH KRPRORJRXV DFU\VWDOOLQ GRPDLQ VKDUHG E\ DOO V+VSV LV LQGLFDWHG ZLWK WKH
GDVKHG OLQH 6KDGHG JUH\ ER[HV VKRZ WZR FRQVHUYHG UHJLRQV LQ +VS ZLWK FRQVHUYHG
PHWKLRQLQH UHVLGXHV PDUNHG LQ EROG WKH ILUVW RQH DPLQR DFLGV  LQ WKH SUHGLFWHG
DPSKLSDWKLF DKHOL[ &KHQ DQG 9LHUOLQJ  DQG WKH VHFRQG RQH DPLQR DFLGV  LQ
WKH DFU\VWDOOLQ GRPDLQ $OVR PDUNHG LQ EROG LV WKH )691/'9. VXEVWUDWHELQGLQJ UHJLRQ
LGHQWLILHG LQ D%FU\VWDOOLQ E\ FURVVOLQNLQJ RI ERXQG VXEVWUDWH 6KDUPD HW DO  DQG WKH
SKRVSKRU\ODWLRQ VLWHV LQ +VS 6HU 6HU 6HU ZKRVH SKRVSKRU\ODWLRQ FDXVH D
GHFUHDVH LQ ROLJRPHU VL]H 7KH DOLJQPHQW ZDV GRQH XVLQJ $OLJQ; LQ WKH 9HFWRU 1WL 6XLWH
VRIWZDUH ,QIRUPD[ ,QF 1RUWK %HWKHVGD 0DU\ODQG $FFHVVLRQ QXPEHUV $UDELGRSVLV
WKDOLDQD +VS 3 /\FRSHUVLFRQ HVFXOHQWXP +VS 4 3HWXQLD K\EULGD +VS
3 3LVXP VDWLYXP +VS 3 ERYLQH DFU\VWDOOLQ % 3 KXPDQ +VS
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$OEHUWVVRQ 3c  LQ 0HWKRGV RI %LRFKHPLFDO $QDO\VLV *OLFN 3 HG 9RO  SS  -RKQ
:LOH\ 	 6RQV 1HZ <RUN
$OEHUWVVRQ 3c  3DUWLWLRQ RI &HOO 3DUWLFOHV DQG 0DFURPROHFXOHV UG HG :LOH\,QWHUVFLHQFH 1HZ
<RUN
$UULJR $3  7XPRU QHFURVLV IDFWRU LQGXFHV WKH UDSLG SKRVSKRU\ODWLRQ RI WKH PDPPDOLDQ KHDW
VKRFN SURWHLQ KVS 0RO &HOO %LRO  
$UULJR $3  6PDOO VWUHVV SURWHLQV FKDSHURQHV WKDW DFW DV UHJXODWRUV RI LQWUDFHOOXODU UHGR[ VWDWH
DQG SURJUDPPHG FHOO GHDWK %LRO &KHP  
%HUJJUHQ .  LQ 'HSDUWPHQW RI %LRFKHPLVWU\  /XQG 8QLYHUVLW\ /XQG
%HUJJUHQ . (JPRQG 05 7MHUQHOG )  6XEVWLWXWLRQV RI VXUIDFH DPLQR DFLG UHVLGXHV RI FXWLQDVH
SUREHG E\ DTXHRXV WZRSKDVH SDUWLWLRQLQJ %LRFKLP %LRSK\V $FWD  
&KHQ 4 9LHUOLQJ (  $QDO\VLV RI FRQVHUYHG GRPDLQV LGHQWLILHV D XQLTXH VWUXFWXUDO IHDWXUH RI D
FKORURSODVW KHDW VKRFN SURWHLQ 0RO *HQ *HQHW  
&LRUED 0$ +HLQHPDQQ 6+ :HLVVEDFK + %URW 1 +RVKL 7  0RGXODWLRQ RI SRWDVVLXP FKDQQHO
IXQFWLRQ E\ PHWKLRQLQH R[LGDWLRQ DQG UHGXFWLRQ 3URF 1DWO $FDG 6FL 86$  
'DGR *3 *HOOPDQ 6+  5HGR[FRQWUROOHG VHFRQGDU\ VWUXFWXUH VZLWFKLQJ LQ D GHVLJQHG SHSWLGH -
$P &KHP 6RF  
'DV .3 &KRR6PLWK /3 3HWUDVK -0 6XUHZLF] :.  ,QVLJKW LQWR WKH VHFRQGDU\ VWUXFWXUH RI QRQ
QDWLYH SURWHLQV ERXQG WR D PROHFXODU FKDSHURQH DFU\VWDOOLQ $Q LVRWRSHHGLWHG LQIUDUHG
VSHFWURVFRSLF VWXG\ - %LRO &KHP  
GH -RQJ :: &DVSHUV *- /HXQLVVHQ -$  *HQHDORJ\ RI WKH DFU\VWDOOLQVPDOO KHDWVKRFN SURWHLQ
VXSHUIDPLO\ ,QW - %LRO 0DFURPRO  
(KUQVSHUJHU 0 *UlEHU 6 *DHVWHO 0 %XFKQHU -  %LQGLQJ RI QRQQDWLYH SURWHLQ WR +VS GXULQJ
KHDW VKRFN FUHDWHV D UHVHUYRLU RI IROGLQJ LQWHUPHGLDWHV IRU UHDFWLYDWLRQ (0%2 -  
)DUDKEDNKVK =7 +XDQJ 4/ 'LQJ // $OWHQEDFK & 6WHLQKRII +- +RUZLW] - +XEEHOO :/ 
,QWHUDFWLRQ RI DFU\VWDOOLQ ZLWK VSLQODEHOHG SHSWLGHV %LRFKHPLVWU\  
*DR - <LQ '+ <DR < 6XQ + 4LQ = 6FKRQHLFK & :LOOLDPV 7' 6TXLHU 7&  /RVV RI
FRQIRUPDWLRQDO VWDELOLW\ LQ FDOPRGXOLQ XSRQ PHWKLRQLQH R[LGDWLRQ %LRSK\V -  
*XVWDYVVRQ 1 +lUQGDKO 8 (PDQXHOVVRQ $ 5RHSVWRUII 3 6XQGE\ &  0HWKLRQLQH VXOIR[LGDWLRQ
RI WKH FKORURSODVW VPDOO KHDW VKRFN SURWHLQ DQG FRQIRUPDWLRQDO FKDQJHV LQ WKH ROLJRPHU 3URWHLQ
6FLHQFH  
+DOH\ '$ +RUZLW] - 6WHZDUW 3/  7KH VPDOO KHDWVKRFN SURWHLQ D%FU\VWDOOLQ KDV D YDULDEOH
TXDWHUQDU\ VWUXFWXUH - 0RO %LRO  
+lUQGDKO 8 7XIYHVVRQ ( 6XQGE\ &  7KH FKORURSODVW VPDOO KHDW VKRFN SURWHLQ  SXULILFDWLRQ DQG
FKDUDFWHUL]DWLRQ RI SHD UHFRPELQDQW SURWHLQ 3URWHLQ ([SU 3XULI  
+lUQGDKO 8 %XIIRQL+DOO 5 2VWHU\RXQJ .: 9LHUOLQJ ( %RUQPDQ -) 6XQGE\ &  7KH
FKORURSODVW VPDOO KHDW VKRFN SURWHLQ XQGHUJRHV R[LGDWLRQGHSHQGHQW FRQIRUPDWLRQDO FKDQJHV DQG
PD\ SURWHFW SODQWV IURP R[LGDWLYH VWUHVV &HOO 6WUHVV DQG &KDSHURQHV  
+DVOEHFN 0 :DONH 6 6WURPHU 7 (KUQVSHUJHU 0 :KLWH +( &KHQ 6 6DLELO +5 %XFKQHU - 
+VS D WHPSHUDWXUHUHJXODWHG FKDSHURQH (0%2 -  
+RUZLW] -  D&U\VWDOOLQ FDQ IXQFWLRQ DV D PROHFXODU FKDSHURQH 3URF 1DWO $FDG 6FL 86$ 

+RUZLW] - +XDQJ 4/ 'LQJ / %RYD 03  /HQV DFU\VWDOOLQ FKDSHURQHOLNH SURSHUWLHV 0HWK
(Q]\PRO  
/
.A
-DNRE 8 *DHVWHO 0 (QJHO . %XFKQHU -  6PDOO KHDW VKRFN SURWHLQV DUH PROHFXODU FKDSHURQHV -
%LRO &KHP  
.HHQDQ 5- )UH\PDQQ '0 :DOWHU 3 6WURXG 50  &U\VWDO VWUXFWXUH RI WKH VLJQDO VHTXHQFH
ELQGLQJ VXEXQLW RI WKH VLJQDO UHFRJQLWLRQ SDUWLFOH &HOO  
.LP .. .LP 5 .LP 6+  &U\VWDO VWUXFWXUH RI D VPDOO KHDWVKRFN SURWHLQ 1DWXUH  
/DPEHUW + &KDUHWWH 6- %HUQLHU $) *XLPRQG $ /DQGU\ -  +63 PXOWLPHUL]DWLRQ
PHGLDWHG E\ SKRVSKRU\ODWLRQVHQVLWLYH LQWHUPROHFXODU LQWHUDFWLRQV DW WKH DPLQR WHUPLQXV - %LRO
&KHP  
/DQGU\ - /DPEHUW + =KRX 0 /DYRLH -1 +LFNH\ ( :HEHU /$ $QGHUVRQ &:  +XPDQ +63
LV SKRVSKRU\ODWHG DW VHULQHV  DQG  E\ KHDW VKRFN DQG PLWRJHQDFWLYDWHG NLQDVHV WKDW UHFRJQL]H
WKH VDPH DPLQR DFLG PRWLI DV 6 NLQDVH ,, - %LRO &KHP  
/HH *- 3RNDOD 1 9LHUOLQJ (  6WUXFWXUH DQG LQ YLWUR FKDSHURQH DFWLYLW\ RI F\WRVROLF VPDOO KHDW
VKRFN SURWHLQV IURP SHD - %LRO &KHP  
/HH *- 5RVHPDQ $0 6DLELO +5 9LHUOLQJ (  $ VPDOO KHDW VKRFN SURWHLQ VWDEO\ ELQGV KHDW
GHQDWXUHG PRGHO VXEVWUDWHV DQG FDQ PDLQWDLQ D VXEVWUDWH LQ D IROGLQJFRPSHWHQW VWDWH (0%2 - 

/LQGQHU 5$ .DSXU $ &DUYHU -$  7KH LQWHUDFWLRQ RI WKH PROHFXODU FKDSHURQH DFU\VWDOOLQ ZLWK
PROWHQ JOREXOH VWDWHV RI ERYLQH DODFWDOEXPLQ - %LRO &KHP  
0HKOHQ 3 $UULJR $3  7KH VHUXPLQGXFHG SKRVSKRU\ODWLRQ RI PDPPDOLDQ KVS FRUUHODWHV ZLWK
FKDQJHV LQ LWV LQWUDFHOOXODU ORFDOL]DWLRQ DQG OHYHOV RI ROLJRPHUL]DWLRQ (XU - %LRFKHP  

0HKOHQ 3 0HKOHQ $ *XLOOHW ' 3UHYLOOH ; $UULJR $3  7XPRU QHFURVLV IDFWRUD LQGXFHV
FKDQJHV LQ WKH SKRVSKRU\ODWLRQ FHOOXODU ORFDOL]DWLRQ DQG ROLJRPHUL]DWLRQ RI KXPDQ KVS D VWUHVV
SURWHLQ WKDW FRQIHUV FHOOXODU UHVLVWDQFH WR WKLV F\WRNLQH - &HOO %LRFKHP  
0HKOHQ 3 +LFNH\ ( :HEHU $ $UULJR $3  /DUJH XQSKRVSKRU\ODWHG DJJUHJDWHV DV WKH DFWLYH
IRUP RI KVS ZKLFK FRQWUROV LQWUDFHOOXODU UHDFWLYH R[\JHQ VSHFLHV DQG JOXWDWKLRQH OHYHOV DQG
JHQHUDWHV D SURWHFWLRQ DJDLQVW 71)D LQ 1,+7UDV FHOOV %LRFKHP %LRSK\V 5HV &RPP 

0LGGDXJK &5 /DZVRQ (4  $QDO\VLV RI SURWHLQ DVVRFLDWLRQ E\ SDUWLWLRQLQJ LQ DTXHRXV WZRSKDVH
SRO\PHU V\VWHPV DSSOLFDWLRQV WR WKH WHWUDPHUGLPHU GLVVRFLDWLRQ RI KHPRJORELQ $QDO %LRFKHP
 
3HUQJ 0 &DLUQV / YDQ GHQ ,-VVHO 3 3UHVFRWW $ +XWFKHVRQ $0 4XLQODQ 5$  ,QWHUPHGLDWH
ILODPHQW LQWHUDFWLRQV FDQ EH DOWHUHG E\ +63 DQG D%FU\VWDOOLQ - &HOO 6FL  
5HGG\ 9 'HVRUFKHUV <3 3L]]R 69 *RQLDV 6/ 6DKDNLDQ -$ /HYLQ 5/ :HLVV 6-  2[LGDWLYH
GLVVRFLDWLRQ RI KXPDQ DPDFURJOREXOLQ WHWUDPHUV LQWR G\VIXQFWLRQDO GLPHUV - %LRO &KHP 

5RJDOOD 7 (KUQVSHUJHU 0 3UHYLOOH ; .RWO\DURY $ /XWVFK * 'XFDVVH & 3DXO & :LHVNH 0 $UULJR
03 %XFKQHU - *DHVWHO 0  5HJXODWLRQ RI +VS ROLJRPHUL]DWLRQ FKDSHURQH IXQFWLRQ DQG
SURWHFWLYH DFWLYLW\ DJDLQVW R[LGDWLYH VWUHVVWXPRU QHFURVLV IDFWRU D E\ SKRVSKRU\ODWLRQ - %LRO
&KHP  
6KDUPD .. .XPDU 65 .XPDU 6* 4XLQQ 73  6\QWKHVLV DQG FKDUDFWHUL]DWLRQ RI D SHSWLGH
LGHQWLILHG DV D IXQFWLRQDO XQLW LQ D$FU\VWDOOLQ - %LRO &KHP  
6XQ + *DR - )HUULQJWRQ '$ %LHVLDGD + :LOOLDPV 7' 6TXLHU 7&  5HSDLU RI R[LGL]HG
FDOPRGXOLQ E\ PHWKLRQLQH VXOIR[LGH UHGXFWDVH UHVWRUHV DELOLW\ WR DFWLYDWH WKH SODVPD PHPEUDQH &D
$73DVH %LRFKHPLVWU\  
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6X]XNL 7& .UDZLW] '& 9LHUOLQJ (  7KH FKORURSODVW VPDOO KHDWVKRFN SURWHLQ ROLJRPHU LV QRW
SKRVSKRU\ODWHG DQG GRHV QRW GLVVRFLDWH GXULQJ KHDW VWUHVV LQ YLYR 3ODQW 3K\VLRO  
6YHQVVRQ 0 6DEKDUZDO + +nNDQVVRQ $ 0RVVEHUJ $. /LSQLXQDV 3 /HIIOHU + 6YDQERUJ & /LQVH 6
 0ROHFXODU FKDUDFWHUL]DWLRQ RI DODFWDOEXPLQ IROGLQJ YDULDQWV WKDW LQGXFH DSRSWRVLV LQ WXPRU
FHOOV - %LRO &KHP  
9RJW : +HVVH '  2[LGDQWV JHQHUDWHG E\ WKH P\HORSHUR[LGDVHKDOLGH V\VWHP DFWLYDWH WKH ILIWK
FRPSRQHQW RI KXPDQ FRPSOHPHQW & ,PPXQRELRORJ\  
:DWHUV (5 9LHUOLQJ (  &KORURSODVW VPDOO KHDW VKRFN SURWHLQV HYLGHQFH IRU DW\SLFDO HYROXWLRQ RI
DQ RUJDQHOOHORFDOL]HG SURWHLQ 3URF 1DWO $FDG 6FL 86$  
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%URW 1 :HLVVEDFK / :HUWK - :HLVVEDFK +  (Q]\PDWLF UHGXFWLRQ RI SURWHLQERXQG PHWKLRQLQH
VXOIR[LGH 3URF 1DWO $FDG 6FL 86$  
&KHQ 4 9LHUOLQJ (  $QDO\VLV RI FRQVHUYHG GRPDLQV LGHQWLILHV D XQLTXH VWUXFWXUDO IHDWXUH RI D
FKORURSODVW KHDW VKRFN SURWHLQ 0RO *HQ *HQHW  
(KUQVSHUJHU 0 *UlEHU 6 *DHVWHO 0 %XFKQHU -  %LQGLQJ RI QRQQDWLYH SURWHLQ WR +VS GXULQJ
KHDW VKRFN FUHDWHV D UHVHUYRLU RI IROGLQJ LQWHUPHGLDWHV IRU UHDFWLYDWLRQ (0%2 -  
)DUDKEDNKVK =7 +XDQJ 4/ 'LQJ // $OWHQEDFK & 6WHLQKRII +- +RUZLW] - +XEEHOO :/ 
,QWHUDFWLRQ RI DOSKDFU\VWDOOLQ ZLWK VSLQODEHOHG SHSWLGHV %LRFKHPLVWU\  
*DR - <LQ ' <DR < :LOOLDPV 7' 6TXLHU 7&  3URJUHVVLYH GHFOLQH LQ WKH DELOLW\ RI FDOPRGXOLQ
LVRODWHG IURP DJHG EUDLQ WR DFWLYDWH WKH SODVPD PHPEUDQH &D$73DVH %LRFKHPLVWU\  
*XVWDYVVRQ 1 +lUQGDKO 8 (PDQXHOVVRQ $ 5RHSVWRUII 3 6XQGE\ &  0HWKLRQLQH VXOIR[LGDWLRQ
RI WKH FKORURSODVW VPDOO KHDW VKRFN SURWHLQ DQG FRQIRUPDWLRQDO FKDQJHV LQ WKH ROLJRPHU 3URWHLQ
6FLHQFH  
+DOH\ '$ %RYD 03 +XDQJ 4/ 0FKDRXUDE +6 6WHZDUW 3/  6PDOO KHDWVKRFN SURWHLQ
VWUXFWXUHV UHYHDO D FRQWLQXXP IURP V\PPHWULF WR YDULDEOH DVVHPEOLHV - 0RO %LRO  
+lUQGDKO 8 7XIYHVVRQ ( 6XQGE\ &  7KH FKORURSODVW VPDOO KHDW VKRFN SURWHLQ  SXULILFDWLRQ DQG
FKDUDFWHUL]DWLRQ RI SHD UHFRPELQDQW SURWHLQ 3URWHLQ ([SUHVVLRQ DQG 3XULILFDWLRQ  
+lUQGDKO 8 %XIIRQL+DOO 5 2VWHU\RXQJ .: 9LHUOLQJ ( %RUQPDQ -) 6XQGE\ &  7KH
FKORURSODVW VPDOO KHDW VKRFN SURWHLQ XQGHUJRHV R[LGDWLRQGHSHQGHQW FRQIRUPDWLRQDO FKDQJHV DQG
PD\ SURWHFW SODQWV IURP R[LGDWLYH VWUHVV &HOO 6WUHVV DQG &KDSHURQHV  
+lUQGDKO 8 .RNNH %3$ *XVWDYVVRQ 1 /LQVH 6 %RHOHQV :& 6XQGE\ &  WKH FKDSHURQHOLNH
DFWLYLW\ RI D VPDOO KHDWVKRFN SURWHLQ LV ORVW DIWHU VXOIR[LGDWLRQ RI FRQVHUYHG PHWKLRQLQHV LQ D
VXUIDFHH[SRVHG DPSKLSDWKLF DKHOL[ %LRFKLP %LRSK\V $FWD  
+RUZLW] -  D&U\VWDOOLQ FDQ IXQFWLRQ DV D PROHFXODU FKDSHURQH 3URF 1DWO $FDG 6FL 86$ 

.LP .. .LP 5 .LP 6+  &U\VWDO VWUXFWXUH RI D VPDOO KHDWVKRFN SURWHLQ 1DWXUH  

.RNNH %3$ /HURX[ 05 &DQGLGR (30 %RHOHQV :& GH -RQJ ::  &DHQRUKDEGLWLV HOHJDQV
VPDOO KHDWVKRFN SURWHLQV +VS DQG +VS IRUP WHWUDPHUV DQG KDYH QR FKDSHURQHOLNH DELOLW\
)(%6 /HWW  
.RWHLFKH +$ 0FKDRXUDE +6  )ROGLQJ SDWWHUQ RI WKH DFU\VWDOOLQ GRPDLQ LQ D$FU\VWDOOLQ
GHWHUPLQHG E\ VLWHGLUHFWHG VSLQ ODEHOLQJ - 0RO %LRO  
.XPDU /96 5DR &K0  'RPDLQ VZDSSLQJ LQ KXPDQ D$ DQG D% FU\VWDOOLQV DIIHFWV
ROLJRPHUL]DWLRQ DQG HQKDQFHV FKDSHURQHOLNH DFWLYLW\ - %LRO &KHP  
.XVFKHO / +DQVHO $ 6FKRQKHUU 5 :HLVVEDFK + %URW 1 +RVKL 7 +HLQHPDQQ 6+  0ROHFXODU
FORQLQJ DQG IXQFWLRQDO H[SUHVVLRQ RI D KXPDQ SHSWLGH PHWKLRQLQH VXOIR[LGH UHGXFWDVH K0VU$
)(%6 /HWW  
/HYLQH 5/ 0RVRQL / %HUOHWW %6 6WDGWPDQ (5  0HWKLRQLQH UHVLGXHV DV HQGRJHQRXV
DQWLR[LGDQWV LQ SURWHLQV 3URF 1DWO $FDG 6FL 86$  
0RVNRYLW] - :HLVVEDFK + %URW 1  &ORQLQJ WKH H[SUHVVLRQ RI D PDPPDOLDQ JHQH LQYROYHG LQ WKH
UHGXFWLRQ RI PHWKLRQLQH VXOIR[LGH UHVLGXHV LQ SURWHLQV 3URF 1DWO $FDG 6FL 86$  
0RVNRYLW] - 3RVWRQ -0 %HUOHWW %6 1RVZRUWK 1- 6]F]HSDQRZVNL 5 6WDGWPDQ (5 
,GHQWLILFDWLRQ DQG FKDUDFWHUL]DWLRQ RI D SXWDWLYH DFWLYH VLWH IRU SHSWLGH PHWKLRQLQH VXOIR[LGH
UHGXFWDVH 0VU$ DQG LWV VXEVWUDWH VWHUHRVSHFLILFLW\ - %LRO &KHP  
0
-C
6DGDQDQGRP $ 3LIIDQHOOL 3 .QRWW 7 5RELQVRQ & 6KDUSH $ /\GLDWH ' 0XUSK\ ' )DLUEDLUQ '-
 ,GHQWLILFDWLRQ RI D SHSWLGH PHWKLRQLQH VXOSKR[LGH UHGXFWDVH JHQH LQ DQ ROHRVLQ SURPRWHU
IURP %UDVVLFD QDSXV 3ODQW -  
6DGDQDQGRP $ 3RJKRV\DQ = )DLUEDLUQ '- 0XUSK\ '-  'LIIHUHQWLDO UHJXODWLRQ RI SODVWLGLDO DQG
F\WRVROLF LVRIRUPV RI SHSWLGH PHWKLRQLQH VXOIR[LGH UHGXFWDVH LQ $UDELGRSVLV 3ODQW 3K\VLRO 

9RJW : +HVVH '  2[LGDQWV JHQHUDWHG E\ WKH P\HORSHUR[LGDVHKDOLGH V\VWHP DFWLYDWH WKH ILIWK
FRPSRQHQW RI KXPDQ FRPSOHPHQW & ,PPXQRELRORJ\  
9RJW :  2[LGDWLRQ RI PHWKLRQ\O UHVLGXHV LQ SURWHLQV WRROV WDUJHWV DQG UHYHUVDO )UHH 5DG %LRO
0HG  
:DWHUV (5 9LHUOLQJ (  &KORURSODVW VPDOO KHDW VKRFN SURWHLQV HYLGHQFH IRU DW\SLFDO HYROXWLRQ RI
DQ RUJDQHOOHORFDOL]HG SURWHLQ 3URF 1DWO $FDG 6FL 86$  
<XDQ 7 9RJHO +-  6XEVWLWXWLRQ RI WKH PHWKLRQLQH UHVLGXHV RI FDOPRGXOLQ ZLWK WKH XQQDWXUDO
DPLQR DFLG DQDORJV HWKLRQLQH DQG QRUOHXFLQH %LRFKHPLFDO DQG VSHFWURVFRSLF VWXGLHV 3URWHLQ
6FLHQFH 
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%HKONH - /XWVFK * *DHVWHO 0 %LHOND +  6XSUDPROHFXODU VWUXFWXUH RI WKH UHFRPELQDQW PXULQH
VPDOO KHDW VKRFN SURWHLQ +VS )(%6 /HWW  
%RYD 03 'LQJ // +RUZLW] - )XQJ %.  6XEXQLW H[FKDQJH RI D$FU\VWDOOLQ - %LRO &KHP
 
%RYD 03 0FKDRXUDE +6 +DQ < )XQJ %.  6XEXQLW H[FKDQJH RI VPDOO KHDW VKRFN SURWHLQV -
%LRO &KHP  
&KDUHWWH 6- /DYRLH -1 /DPEHUW + /DQGU\ -  ,QKLELWLRQ RI 'D[[PHGLDWHG DSRSWRVLV E\ KHDW
VKRFN SURWHLQ  0RO &HOO %LRO  
&KDUHWWH 6- /DQGU\ -  7KH LQWHUDFWLRQ RI +63 ZLWK 'D[[ LGHQWLILHV D SRWHQWLDO UHJXODWRU\ UROH
RI +VS LQ )DVLQGXFHG DSRSWRVLV $QQ 1 < $FDG 6FL  
'LQJ / &DQGLGR (30 D +63 D VPDOO KHDW VKRFN SURWHLQ DVVRFLDWHG ZLWK GHQVH ERGLHV DQG 0
OLQHV RI ERG\ ZDOO PXVFOH LQ &DHQRUKDEGLWLV HOHJDQV - %LRO &KHP  
'LQJ / &DQGLGR (30 E $VVRFLDWLRQ RI VHYHUDO VPDOO KHDWVKRFN SURWHLQV ZLWK UHSURGXFWLYH
WLVVXHV LQ WKH QHPDWRGH &DHQRUKDEGLWLV HOHJDQV %LRFKHP -  
GH -RQJ :: &DVSHUV *- /HXQLVVHQ -$  *HQHDORJ\ RI WKH DFU\VWDOOLQVPDOO KHDWVKRFN
SURWHLQ VXSHUIDPLO\ ,QW - %LRO 0DFURPRO  
'HUKDP %. YDQ %RHNHO 0$0 0XFKRZVNL 3- &ODUN -, +RUZLW] - +HSEXUQH6FRWW +: &UDEEH -&
+DUGLQJ --  &KDSHURQH IXQFWLRQ RI PXWDQW YHUVLRQV RI D$ DQG D%FU\VWDOOLQ SUHSDUHG WR
SLQSRLQW FKDSHURQH ELQGLQJ VLWHV (XU - %LRFKHP  
(KUQVSHUJHU 0 +HUJHUVEHUJ & :LHQKXHV 8 1LFKWO $ %XFKQHU -  6WDELOL]DWLRQ RI SURWHLQV DQG
SHSWLGHV LQ GLDJQRVWLF LPPXQRORJLFDO DVVD\V E\ WKH PROHFXODU FKDSHURQH +VS $QDO %LRFKHP
 
(KUQVSHUJHU 0 /LOLH + *DHVWHO 0 %XFKQHU -  7KH G\QDPLFV RI +VS TXDWHUQDU\ VWUXFWXUH -
%LRO &KHP  
)HLO ,. 0DOIRLV 0 +HQGOH - 9DQ GHU =DQGW + 6YHUJXQ ',  $ QRYHO TXDWHUQDU\ VWUXFWXUH RI WKH
GLPHULF DFU\VWDOOLQ GRPDLQ ZLWK FKDSHURQHOLNH DFWLYLW\ - %LRO &KHP  
*XVWDYVVRQ 1 +lUQGDKO 8 (PDQXHOVVRQ $ 5RHSVWRUII 3 6XQGE\ &  0HWKLRQLQH VXOIR[LGDWLRQ
RI WKH FKORURSODVW VPDOO KHDW VKRFN SURWHLQ DQG FRQIRUPDWLRQDO FKDQJHV LQ WKH ROLJRPHU 3URWHLQ 6FL
 
+lUQGDKO 8 +DOO 5% 2VWHU\RXQJ .: 9LHUOLQJ ( %RUQPDQ -) 6XQGE\ &  7KH FKORURSODVW
VPDOO KHDW VKRFN SURWHLQ XQGHUJRHV R[LGDWLRQGHSHQGHQW FRQIRUPDWLRQDO FKDQJHV DQG PD\ SURWHFW
SODQWV IURP R[LGDWLYH VWUHVV &HOO 6WUHVV &KDSHURQHV  
+DVOEHFN 0 :DONH 6 6WURPHU 7 (KUQVSHUJHU 0 :KLWH +( &KHQ 6 6DLELO +5 %XFKQHU - 
+VS D WHPSHUDWXUHUHJXODWHG FKDSHURQH (0%2 -  
.LP .. .LP 5 .LP 6+  &U\VWDO VWUXFWXUH RI D VPDOO KHDWVKRFN SURWHLQ 1DWXUH  

.RWHLFKH +$ 0FKDRXUDE +6  )ROGLQJ SDWWHUQ RI WKH DFU\VWDOOLQ GRPDLQ LQ D$FU\VWDOOLQ
GHWHUPLQHG E\ VLWHGLUHFWHG VSLQ ODEHOLQJ - 0RO %LRO  
.XPDU /96 5DR &K0  'RPDLQ VZDSSLQJ LQ KXPDQ D$ DQG D% FU\VWDOOLQV DIIHFWV
ROLJRPHUL]DWLRQ DQG HQKDQFHV FKDSHURQHOLNH DFWLYLW\ - %LRO &KHP  
/DYRLH -1 +LFNH\ ( :HEHU /$ /DQGU\ -  0RGXODWLRQ RI DFWLQ PLFURILODPHQW G\QDPLFV DQG
IOXLG SKDVH SLQRF\WRVLV E\ SKRVSKRU\ODWLRQ RI KHDW VKRFN SURWHLQ  - %LRO &KHP  

/HURX[ 05 %D %- %DWHOLHU * 0HONL 5 &DQGLGR (30 D 8QLTXH VWUXFWXUDO IHDWXUHV RI D QRYHO
FODVV RI VPDOO KHDW VKRFN SURWHLQV - %LRO &KHP  
&
+)A
/HURX[ 05 0HONL 5 *RUGRQ % %DWHOLHU * &DQGLGR (30 E 6WUXFWXUHIXQFWLRQ VWXGLHV RQ VPDOO
KHDW VKRFN SURWHLQ ROLJRPHULF DVVHPEO\ DQG LQWHUDFWLRQ ZLWK XQIROGHG SRO\SHSWLGHV - %LRO &KHP
 
2VWHU\RXQJ .: 9LHUOLQJ (  '\QDPLFV RI VPDOO KHDW VKRFN SURWHLQ GLVWULEXWLRQ ZLWKLQ WKH
FKORURSODVWV RI KLJKHU SODQWV - %LRO &KHP  
5DJKDYDQ 1 *KRVK , (LVLQJHU :$ 3DVWUDQD ' 6FRWW $/  'HYHORSPHQWDOO\ UHJXODWHG
H[SUHVVLRQ RI D XQLTXH VPDOO KHDW VKRFN SURWHLQ LQ %UXJLD PDOD\L 0RO %LRFKHP 3DUDVLWRO 

5RJDOOD 7 (KUQVSHUJHU 0 3UHYLOOH ; .RWO\DURY $ /XWVFK * 'XFDVVH & 3DXO & :LHVNH 0 $UULJR
$3 %XFKQHU - *DHVWHO 0  5HJXODWLRQ RI +VS ROLJRPHUL]DWLRQ FKDSHURQH IXQFWLRQ DQG
SURWHFWLYH DELOLW\ DJDLQVW R[LGDWLYH VWUHVVWXPRU QHFURVLV IDFWRU D E\ SKRVSKRU\ODWLRQ - %LRO
&KHP  
6KDUPD .. .XPDU 56 .XPDU *6 4XLQQ 37  6\QWKHVLV DQG FKDUDFWHUL]DWLRQ RI D SHSWLGH
LGHQWLILHG DV D IXQFWLRQDO XQLW LQ D$FU\VWDOOLQ - %LRO &KHP  
YDQ GHQ 2HWHODDU 3- YDQ 6RPHUHQ 3) 7KRPVRQ -$ 6LH]HQ 5- +RHQGHUV +-  G\QDPLF
TXDWHUQDU\ VWUXFWXUH RI ERYLQH DFU\VWDOOLQ DV LQGLFDWHG IURP LQWHUPROHFXODU H[FKDQJH RI VXEXQLWV
%LRFKHPLVWU\  
:LOVRQ 5 $LQVFRXJK 5 $QGHUVRQ . HW DO   0E RI FRQWLJXRXV QXFOHRWLGH VHTXHQFH IURP
FKURPRVRPH ,,, RI & HOHJDQV 1DWXUH  
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